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4(1"? of the total afternoon cell potential. We delccted no lobe cell within mormn e convcchon cell

INTRODL CTION

Because of their strong correlations with the levels

of geomagnetic activity at auroral latitudes, much

attention has been given to cases in which the inter-

planetary magnetic field _IMF) has a southward.

negative Z. component A southward IMF drives

anHsunward convection across the polar cap with

return flow through the auroral zone (HEPPNER.

1972). The Ycomponcntofthe IMFaffects the dis-

trtbtttion plasma convecnon, equivalently electric

potential, within the polar cap. In the northern hemi-

sphere, with positive IMF Br, convection tends to bc

stronger on the dawn flank of the polar cap. Negative

IMF B_ produces strong convection along the dusk

flank oF thc polar cap. In the southern hemisphere the

opposite convention applie- Situations with strong con-

vection along tile dawn and dusk flanks of tile polar

cap arc referred to as BC .:nd DE convection patterns.

respcctivel 3 . by Ih I,i, xi:R and MAYNARD (1987).

i_.ussH _ (1972) c\tcnccd the model of DUN(,e',

(1961) to Include nortlt_i::J IMI-.-File IeX iscd lnodcl

pOMUl;.llCS that mcrgitlg t,,2dtlrs between tile I M 1: and

open field lines at the n.:,gnetopause, abutting the

polc_ard boundar 3 oF tzc dayside cusp. It conse-

qtp._'nt 13' p_ c(hcts the dc_ el." :,ment of Stln\_ ard c()n\,cc-

troll _.', ithllt lilt polar cap V_C:ISUrCIllenLs b} MAliZA% _.

I 199"_ tl S (]overnmen'

(19761 conlirmcd tim, prediction During periods el

northward IMF. magnetic pertttrbauons al titc

ground indicated the presence of two convection cell:,

in the polar cap _._.ith polarities oppostte to those witla

southward IMF. Electric fields detected b_ BUrKL ct

al (1979) neat- the dawn dusk nlelidi41t sho_cd Iou_

comection cells. ,atth sunward []o_s m the attlOl4l

oval and central polar cap and witil atltl-,Ull\\ :itd flo_ -,

along the flanks of the polar cap Thcl, suggested thai

auroral convection cells _,,ere driven b_ plasma lloyd-

in the low-latitude boundary layer II I.BI_] (Easl M X\

eta/.. 1976). Electrtc field measurement.; b_ the I)F-

2 satellite, from a _ ider range of local tinles, indicated

that northward IMFconvection patterns arc rotation.

and distortions of normal, two-cell patterns I tt_ P_'N_ r

and MAYNAItD. 1967).

Tlu." revcrsed polarity t_o-cell (M_L,'.x_ x. 19761

and the four-cell (BURKI! el a/.. tg791 ccm,.cctlor_

patterns are easil_ reconciled, and hcncclo_th _c onl_

relt2r tO tile Icmr-,:ell patlcrtl Thcx :_tc hm_c\ct

dillicuh to ICCO11cii,_"_tlh the distorted t\_o-,cll lu_t-

tel ns of HI I'I"-LI R .illd ,',1 _ NARI) ( It)X-I -\ It\ tC _>, _,l

the l\_O- \% i'Otll-ceilCOTI\CCLIOn pallClr/ LLHlllO\CIx\

tsb'ixcn by BL;RKI _ ',';SX) Rccclltb. K\H'I'ct,// (1991)

using tile Absimlla:,._.c Xdapping of lonosphcl ic lilcc-

trodbnanlics [AMI'E I procedure (RIcmdttxt) and

KAMll)I_. 1988), and M((_'orma(: c/ .t 11991) usin_

measured neutral \_ind dynamics, sug,_,estcd that the

2O9
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lal_C sC_llc ColP,,Cl[ll-_ll I;dtlCll] depClld_, _tD i:. IHIHI

IMI I1_1/l_/ 1_o111 iypcs nf patlctus dcvch, F dullng

pcul_l,.ls of noIIhv, ilid IMf \Vhci_ Ils,l'&. . I Ihc

con_,cctnon pallet n has two dl.l_t locI cells Ill\IF t_,

Is the dolllillanl Colll['N)llcnl. I'otll Cells cXIM _,_.,ill Ix','()

f cverscd-llow cells m the pohu cap

I'hiS papCl seeks [o Incrca_,c Our I.IrldClSl3GCIll.p ot

htgh-latitLIdc phenonlcnolog,, dtiFInP, pCIIOC- \L, hcll

I MF/I/ > Oandllt,lishugc I ttpI,Ni:rand',l:'=xArI_

(1987) sho_cd two levels of Iotation and ,Intmg

ol the two-cell pallclll labclcd _caklv and - :,m%l\

dlstl',l|cd _vC h{_\C IC CXall)ltlCd Ihc p_qc_ :l dP,

Itl_Ll|lOnS I11c_.INLlICd dLlllll_ IhC [)1'. _ Ull)li- nCd ILl

i]IusltHIc Ihc stlongly alIbI,oiled I_( LOT -J_-|ll)l/

paltcrn, rcproduccd hcrc as t I_ I ]lus t_o: .,_'cllnn

p_lllCIII iS _ound H1 Ihc noFthCfll IlcllllsPhq-: _._.hCll

IMF /_ > 0 and in lhe somhcin hcmisph.':: Whcll

[ M I" 1._ < 0 Under tllcgc coudllions nlagnclJ, :JiY-,iOll

effects produce strong, antisunward flows a!,,ng the

dawn flank of the polar cap Durillg periods <,: north-

ward [MF the cenlers of the BC pattern cot!- rotate

to,yard earlier local times. In the strongl)c -tortcd

case. flow lines are sunward m the cent[a] p,, _r cap.

then twist toward the antisun_a_d direction .: ,ng]hc

dusk flank of the cap.

The convection patterns of H t PPNI!R and M =_-.a RI)

(1987) were derived, using pattern-recognitton tech-

niques, from DE-2 north-south electric field measure-

ments and their resulting potential distributio:-:, along

the satellite trajectory. To the degree possible ae have

12h
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N-4726// _ \

N-2 47/_

O h

[:i_ 1 Tile strongly d_storted BC COllVCCll(H/ 2_ 2fit o[

HFPPNER and k'IAYNARi:, {1987) _ _th DE-2 tra]e_:. -:-; used
in this analys_s superposed Equlpolenlials strcar- ":es arc

plolted on a magnetic latitude IMLAT} vs magr.--:c local

ume (MLT) grid

i:OlllblllCd i|lCH%l.llcd clc{tllc Iicld a>t polCnllal _.t1%

IllbtltlOllS with sinl{lllallc,._tl., (lclc{HOlp, ol CllClgCt]{

iOl/ ClCClrOn []UXC:-;. plasma dli['l _, ;LIl(l IlIHglH.'llC Iicld

pcrlul b:.ttions pc!pcndiculat to the I allh's mnIT/ field

The two components of Ihe clccli_, licld el p]asma

drifls and nlagnetic pcrlul'ballnnS pc_pcnd_cul<u Io

tile inagnelic field provide guidance tc, r con,u uct_me

hH go-scale convection i)altCl uls by IIIdlC;Itl1157 The (hi c__

tioIIS of equipotential line, al Ihcil }[liCI%C(Ih'qls ',Al[h

I)I{-2 I_ajcctorics lhis papcl cxlcuJ, Ihc _ork _q

MA_X. ARI) t'l i/l (1991) and ['_ASl",'d. \ ('1 m r lit}9 _ )

_,11,, h:lkC IlIVCgtl_llcd lhc i_mo'q_hc_c kl_.Hl:lluIk% _11

Ill;lgllCtlt_" lllClglllg al Ihc IIl;l_llclcq:qttt_C lJlldCl ",_)tllh

Wald alld Ilorth',v'aFd IM t c'.)lldl[IOll. IC'-;pt'tllxcl',

We also take ;.tdvanla,.!c (H the recent clloll,, I_,

undergt;.lnd the illtclaCllOll., o[ th,.' _th',',ldc IIt;l_.!lI_.'l¢)

sphc_c uonosphcrc syStClll (el- IC%lCk _. i_'_ ( P,(R)b,I R {llld

I:/orKl:, 1991) O1 palllculal Iclc_.aIl*_c Is d ",C[ICS O[

papers by the .lohns Hopkins Apphcd Phv,,_o, I.ab

oratory group analyzing sources of palticlc p_c

cipitation (N_:wrt_L and Mi:n(;. 1988. N_:\_ltt _,_ o/

1991a. b) and magnetic perturbalion., (l:lYHim:)w c_'

.1.. 1988; ERI.ANDSON t'! ti/.. t988), dch'clcd at IOIH_

spheric altitudes l)aysidc plcclp_tat_on ,,oulcc lc,.,_tol>,

include the cusp. the plasma mastic thc Im_ lamudc

boundary layer [LLBL]. the b.OUlltittI,, plaxm,l shccl

[BPS] and the central plasma sheet [( PS} (N_ welt. e_

al., 1991b). Because particles come From sources both

inside and outside the magnetosphere, their detection

provides qualitative information about the topologies

of magnetic fields traversed by the satellile

The following section gives a briel description of

the DE-2's instrumentation package Dalai acquired

during five orbits of DE-2 are presented and the large-

scale potential/convection patterns estunatcd hi the

discussion section we compare these polcntial d_s-

tributions with the Heppncr-Maynard distorted B(

pattern. Measured high-latitude potenlials _cre quitc

large, in all cases exceeding 50 kV Their dislribuhons

show two extrema and are thus consistent with a

distorted, two-cell convectmn pattern Hov, c',er, sim-

ultaneously measured particle fluxe,. Indicalc thai the

afternoon convection cell consist <, o1 a Iobc cell

embedded in a larger reconnect_on veil h_ih hcl\'int?

the galliC sense of Iotalioll A COll'.Cv'lp.'Hi n_odcl ill

REII t and BUR('II (]985) _:onHIiilsa ],,bccellcmhcd

ded ill a Ieconnection cell with lhq -;dIllq_qnxc el

rotation as presented here [I _as aI:MbtHcd to con-

ditions with IMF" B, > 0 hut l;. d_c.'_cd .,_ullh_ald

IN%TI{L_IEn,IAllO ", _.',,I) \It:V',I rl-Mi \ Is

I)E-2 was launched _nto a 90 Inclinatt0n. pola_

orbit on .t August 19gl lhe satclhlc _as Ihrcc-a',_,
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..I;d',dlzed A special issuc' '_)uuc ._k'+'+rm,r /.._t_u-

IliciltHllOll cont_Ii II_, dcl_l :-_._+ dcsci i[_liOl]_ of thc

[)\it<fruitslixpio;ct llllS\I.+ alld iilslttllEicnlatlc.n.

[)Zita examined in lluS pap:- come l'rc, n +, tile veclol

clcctltc ticld tu'-,lltllllenl [\[Ill (MAYNAP-I) ('l a/,

19{41). thc low altitude pl:,ma ms;runic;It [I-APII

(VVI\'<INIHIAM {'I o/ . IQgl) :qc vector magnetometer

[M +\(; B I (F+,,+_lltl:'<(; el' at ;'#g I), and the uclardmg

potential auaiyzcl [t_,PA] _ti: \s<l,, cl a/ . 19Sl )

I tic VKFI used ;/double -: mt_ng probe to i'neasurc

I)( ;_nd A(" clectttc field', 7 hc ulstrumcnl cotlsistcd

ol l\_o cylitv.Lrical dipole', :' tncasure the IX,,'<', com-

ponent-, olelcclrlC field m _. -,pro fdanc o1 tile sp;Icc

ciA[/ It'-; plill/ttly pmpos_ ,.t', to nlollltOl the COil

vcclk,.c clcct_tc fields a_,,: file illtcnsItlcn of IO'A

Ilcqucl'Lc', x_.AvCS itt auto, r,: and polar-cap latitudes

In Ihr, ptlpct \vc use the l)( :llcasurcnlcnt-', to deduce

tile pOtCiltl:ll distl +ibutlOn "-- _a° the satcllitc tt ajecIOl y

and the component of pi.:.ma drift Ilormal to the

maenctic field and the sa_,Lhte trajec|ory The corn-

pollen; of plasrna drift aloe,=' the trajectory was cal-

culated fnom the RPA mez:.urements.

MAG-B was a triaxl.:, fluxgate magnetometer

placed at the end of a 6 a. astmmast boom. Senson

outputs wcrc sampled sixteen times per second with a

digiial resolution of + 1.5 .--.f. The major factor limit-

ino_ the absolute accurac3 o; the vector magnetic field

comes from uncertaintie-- regarding the spacecraft/

boom attitudc, which m-::, be several tenths of a

de_ree. The stability of DE-2 during an)' given pass

is "such that measuremem: of field-aligned currents

densities are accurate to be:let than 0.1 l_A/m-'.

1he LAPI experiment provided measurements of

both positive ion and ek-,_ron fluxes from 5 eV to

;2 keV in 32 energy bins..:_ 15 different pitch angles,

each sampled once ever} ,econd. The instrument was

dcslened so that the same energy bins were sampled

sunultaneously at the ditte-ent pitch angles. LAPi also

contained Geiger-Muelle-qG-M) counters to detect

fluxes of electrons with eT,.ergies > 35 keV. They are

mounted on a scan plal(.,rm and measure fluxes at

{+,itch angles of 0 and 90

Ftgurc I represents tt-,: -_trongly distorted BC con-

xection cell with five supe'-posed DE-2 trajectories m

ma_nenc latitude (Ml. 47_ and magnetic local time

{\,l_l.l ) I-:our of the o+-z- were used m fig. 13 of

}{IPPNIR and MAYNARI" :987) to illusllatc how this

pattern was derived. At! -b_ts were chosen from per-

_,,d:, when the I M t-- had _ :_carly constant orientation

101 scvcral hours, and t-_s should dri\e steady con

_cction patterns. We h+.,: added a fifth orbit, No.

",)47 from 17 February, aS2. which came at the end

of a long period ofnortk-'ard [MF. The cusp portion

of orbit No. 2947 has b-_-: studied in detail by BASIN-

distl ibutions ? I I

SI<A el a/ (199_') l)dlelcnt LevcIs of -,atclhtc data

coveuagc are a\Ail3blc ltotll lilt li\c orbits I Icct_c

alld inagnctlc field n_ca,,/tlCl/lcnt> k\crc lakcll Ill ;Ill

caSCS [.API inc_l',utculcnD" x_elc lClllC\'cd +.IUIItlg ;tit

orbits cxccpl No 4726 RI',\ iY_c;tsuicnlcnts ol lilt:

along-trajector\ componcslt or plasma diift x\clc ouly

takcn during ,,;rl-,it', No I 179. 2S63 ;lIlt{ 2947 l hc

hourly ave;aged \aluc.+ of solar \\,ttvJ IMF pdr

amctcrs at the illnes t.lthc L,asscs ate hslcd lot lef

etcncc in Tablc l No_c that durlne allofthc,.c o_ hw-,.

solal wlnd speed-. > st)0killn "..VelCmcaKUlCd

In l"ie I tile dr, to,lied I{('con_cclltm p,Hlctn I',

cha_actmi/cdl+_ I_\ohtrgc -,c;llccon\cctt(mcell" lhc

ill IcInOOII ,An\t I/lO] IIIIQI CCIIN _tlV' ;Ipl'H OXlII/{IICl}

ccntened ;it 12 Nil 1 X_' N,11.,\I ;rod ;,t tr, \'11.l

7t MI.AT, re_,pcct_\cly ()n thc d,ty,,idc ut thc ._tal_:,lt

callocationofthccu"P, neat 12 NII.1 ;rod _{I \II.AI

(NI Wl:l I and \ll \l, It)_NS) COll\Ccll*+ll I. :th/p,'Pd

purely east west \_,llh ;I small AUl I_'llll\k;lld COlllpOlt

ont. At subcusp hmtudcs Ileal n_tl_llCtIC I/OO1"1. eqtll

pol.cntiaIs _.|lC qmle contoILC('[, _& Ilil <,l_.!l/lliCaTlt ovel-

lap between the n_orllull.P ;,,lid al'lCrlloon cclls lhc

strongest antisunv.ard flov, s arc located along lhe

dawn flank of the polar Cal:, In thc ccutral polar cap

plasma flows sunv, ard. then di',,CllS IO II'IO\C at/;l-

sunward along the dusk flank of thc polar cap bcfo_c

returning to sunv,'ard flo',_ m the afternoon or morn-

mg sectors of the auroral ox al.

Figures 2 and 3 illustrate lhe complex of measure-

ments forming the basis of the present analysis Figure

2 contains t5 rain of VEFI and LAPI measurements,

taken at northern high latitudes during DE+2 orbit

No. 1179. The pass traverses the Late morning and

early evening M LT sectors. Electric field, plasma drift

and magnetic field measurcn_ents arc displayed m a

satellite-centered coordinate system. The .V and Y axcs

are positive along the direction of satellite rnotion and

toward zenith, respectivcb. The Z axis completes the

right-hand system. E_ in the top panel of Fig. 2, is

small and varies smoothly exccpt betx_ ccn 0644:30 and

0646:00 UT. The onset of E-field turbulence is marked

by a polcward ,_pikc I\fllo\ved by an equatorward

cxctu-sion (ea,;tv, ard conxcction] of - _0 g duration

before ttlrnmg polc\\ard (\_ cst_ ,t_,.t con\ cctiou) Aftct

0647 UT the E-field \_as weak and predommantl\

negative in the ,,atclltle-ccntelcd .,\stem

A data gap cxl-,Is m i'_AlllClC i/leA>tltCtllCl/tn IIOIll

0643:30 to t)644:'_U U-I Ih _o_ to thin. boil/the Gc_gcl

Mucllcr tubc [G,X1TI > _5 kcV (,,ccond pancll and Ihc

lower energy electl on {l',otloll_ l',;Itl'-'lt ii/ca,,urClllCll[ _

indicate lhat lhc satellite crossed a ic,_qon of plasm.l

sheet precipitation After tile data gap the >3 <' kc\

electron fluxes became isotroptc, decreasing stcadd\

to lower polar-cap levels of - 5 ",- Ill: c cm: s sr. It_ ihc
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II 79 N

I_VI N

"947 N

47_6 N

3. I BHtkl rl a/

table I lh_:! ,c1,D'cd ll11clplillIClAlk i)illillliCICl_

[MI (Ill)

ItalIC [ J I Ht I_l It�

?? Oclob,:t 19,"41 (i6"4 • _. 12 9 _ (I

IS No'.crubcs 19.'<I (tg_ () B ", _ _ 7'

12 I ,_'blu,H_ I9S? (l',TJ (I S IS 6 I_ n
17 Icblu,r_ I(.)X_ (I(,(V, 4 7 7t) 9 g

19 hint 14×" ]U _k _ ) -16 _ I

%oI.H v, Hld

5(',; < _

(_9_ IH l

SGt ',:

1-11111/ Illlclval _lllei dHla IC\IlIYII)IIOH ttC nCC .11\C1\

hlt'h Iluxcs of < I kCV election,, alld ,t \ APed.

CIIol_y-Vs-l,llHc di,,l)ClISiOll Ill [he flu", o1 plc, :" atlli_

lolls, loll dtspcrsion ,,h_q_c-, of thi'-, I>pc at, -!AlaC

tcltsticofl,hccuspdurmg pctlod,,ofnollhu, ,: IMF

(BL/RCII el u], t979) Polc_atd of the I_n _! , ":i-qon

strL_cl,ure we find two discrete sl,rtlcttlre5 ij. + 0647

and 0648 UT. witll keV election and ion prcc!: :>+tion

Between 0648:30 and 0653 UT the sutcllitc :.-[ccted

polar rain interspersed with ',',c.kl+_ accelera:+.! elec-

tron structures+ DurinEthc intcr',al 0653 065+ :u UT,

DE-2 encountered keV electron and ion fluxc- :narac-

teristic of nighl,side boundar,, arid central _"iasma

sheet precipitation, iIespecti_.el_ (\VINNIN(;tt:'.! ,'t al..

19751. Structured precipHalion sl,raddles t-.: con-

vection reversal boundary.

Figure 3 gives the electric potential disl,ribu', "n (top

panel) obtained by integrating E_ (seconc panel)

along the satellite trajectors: the compo::nt of

plamsa drift along the trajector_ froln the RP X ,third

panel), and the differences bel,_ ecn the mea>L::d and

MAGSAT model Z (fourth panel) and ), ,-.,uom

panel) components of the magnetic field. The p!. of E,

is identical to that in Fig. 2 and is presented -:+e for

convenience in comparing dam. The along-u_ :ctory

plasma drift is plotted as - I_. so that posmx_ .alues

are opposite to the direction of nal,ellil,c mol,lO7 {,4 the

infinite current sheet appioximatlon poslh_: 7ega-

l,ive) slope in the &B z l,race correspond> : :icld-

aligned currents (FACt rote (out of) the h)n, --:ere

Several aspects of orbit No II 79 N mea>t_z_enl,s

deserve al,l,eiHiot+i

I fhe pOtelltial is alv, il',:-, Hc_,.ttl',c ll](hL'd that

only the a1ternoon con\co[lOll cell x_;_,, ',mnp, lhc

h)calittll ,+1 the ,, kV i),)lci/li;ll miiltnitil/1 (+r

COllVCCl,hHI ICVCI'-,;II LT_IIICI(IC'_ t\llh lhL' hotlnd;t+\ OJ

CriSp prcclpltal,lOl_ At lhc polc',,,ald cd'_'c o1 the iotl

di4pcII%l¢)ll SL, ILIC[ tit C

2. Ft,.'u'n 0644 t_+ ()<',4S "0 t ! 1 the + , mc<,,u_cmcnt,

mdicale that con\cc[IOII had a %uliv, afd coInI')OI1CH{

This interval sp;Ans lhe satctlitc cro_,sin,_ , _I" the ctv,p

and the two di%dIelc eleclion gild ion '_Iructurc'-,

located poleward of the cusp The m_,,mmm m_I'_I

of 2 kms at 0645:25 tY coincides wHh the maxmmm

in E_ which drives a v, cstward c(lnlp(tncitl el" plasma

drift of _ 3 5 km s I _ was weakh' _um_ard on the

dayside of the polar cap and anl,isun',_ :_rd at night.

3. The variations m AB z and Z_B_ icasonabh col

relate with each other in the vicinity of the cusp and

anticorrelate in the ntghtside auroral region This indi-

cates that the satellite crosse<] several extended, large-

scale FAC sheets. The dayside currents ltowed into

the ionosphere near the equal,orward part of cusp

precipitation and outboard in the pole_ard portion

The nightside currents had the polarities appropliatc

for the evening sector Region I tReoion 2 s\,,tcm

(hJIMA and POTIEMRA. 1976)

Figure 4 combines plasma-drill, and prccq'ntatmg-

particle measurements taken during [)[z-2 orhit No.

1179. The data arc piesentcd m the I_++m of scctol

plasma drift nleastuIemeiHs at I0 kV II][er_,[lls along

the satellite trajcctor_ m an MI+AT-MLT CoOldllliltc

sysl,em. Equipotentml.:, <uc then ironed to c,tch ',1t1/¢1

consisl,enl, \villi l,heir citrecl,ions ill, thcH ll+ll,ClIsCClltill

with the satellite tlilicl..-t,or }' 1-he CoilH.)til ". itlc d1.1% H

With 110 ilttClllpl, ill I+;iltCl I1%\l/Ihcst _, Li_,t,l\ IIltlill the

Ii-ajecl,or} In the allc'ln(_Oll q_Cmli§, ;ttllOl;ll ti\,tl the

shape el cquipolCl/tl<ii, dillcis lioll/ the Ilcpi+llCl

Fig 2 Electric licld and paltiClc t+l'ICa+ur.'- -[< itC(luiicd during northern high Lmhtdc poilion el I11-2

orbit No 1179 N i+lollc(l _i, fullc'ltOllS fit u- :r_,at tiill¢ (Uf), satellite alliludc 1\[ [p, llia_lWtW IotA{ IIillc

(lvlLri _lnd ill+,allaltl llitlttidc tll.I [hc - pdllCI _ivcs ihc t;c, ilipollClll el Ihc clc'ctilc hctd ah+r,,_' Ihc

diil+'+liOll of salclhlc iliOllOll _ I-lie "+cool . -.u/cl contains l,hc I]tlX of clcctroat> tt i th ollc, rglt. -+, ;-. _, k_,V ;il

pitch angh."+ of (I ()cllot_ Iraccl and 910 - :c trace) The I'lolloll] Iw{) plil'lc-l. ;lit" c'nt'r!]\ _S-llm¢ l'olol

+peclro_r;lill_, of Ihc c'llt'rp', I]11\ llOlll pie'. 7.tatin_ ions _tiid electrons _._ilh +n,:r+ic<, bc]x_c'ell G o\ .illd
32 keV.
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MLT 11.3 14.2 17.5 19.5
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Fig. 3. The electric poteeual distribution (top panel)
obtained by integrating E, l_<'vond panel) along the satellite
Irajectory. The third panel contains the along-trajectory
component of plasma flO'*--FL., obtained from the RPA.
The bottom two panels gi_e the cross- (ABe) and along-
(ABr) trajectory perturbaliom of the Earth's magnetic field.

Maynard pattern shown m Fig. I. No information

about the morning cell p,*tential was retrieved during

this pass. Note, however, that unlike the Heppner-

Maynard pattern, _20 kV out of the 55 kV total

potential is contained in a small, clockwise rotating

sub-cell within the polar cap. It is embedded in a

larger, clockwise rotating convection cell whose flow

lines close through the auroral oval.

The trajectory in Fig. a has been coded to indicate

where various types of particle precipitation were

encountered. For simplk-ity we divide the particle

fluxes into four phenomenological categories :

DE-2
22 OCTOBER1981 12 REV.1179N

oo

CUSP/CLEF T POLAR RAIN CPS DISCRETE

Fig 4 The afternoon convection cell obtained by combining
E_ and I/7 measurements during DE-2 orbit No 1179 N.
The stream lines are at 10 kV intervals. Their directions at

trajectory intersections are indicated by arrows. Away from
the trajectories, representations are not unique. Particle
fluxes are represcnted as cusp/cleft, polar rain, central plasma

sheel and discrete precipitation

(I) diffuse aurora, CPS precipitation (WINNING-

HAM et al., 1975).

(2) cusp/cleft precipitation (NEWELL and MEN(;,

1988),

(3) polar rain precipitation (WtNNtNG_{aM and

HEtKKtL^, 1974), and

(4) discrete/structured precipitation.

The discrete/structured precipitation appears in the

plasma mantle, the polar cap and auroral oval. It

comes from diverse magnetospheric and mag-

netosheath sources

Data retrieved during the remaining four orbits

have been similarly, analyzed and convection/

precipitation patterns were derived. The rest, Its arc

summarized in F_g <, The potentials measured in

the sampled portions of the afternoon and morning

convection cells are listed in "Fable 2. In all five cases

the potential distnbuttons are consistent with at least

part of the afternoon cell being confined to tire polar

cap. Although we -ktmpled parts of the morning con-

vection cell during all four orbits shown in Fig 5, wc

found no evidence tn the combined potential dis-

tribution and particle precipitation measurements

indicating that a part of the morning cell was com-

pletely restricted to open field lines in the polar cap.
Since orbits No 2863 and 2947 followed similar
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'8t ; t I_}I)"_ I \_t°_ 18 o_

/

"\_ 2_/\'_ZE2-_ _25uT
DE-2

17 FEBRUARY 198:> . 12 REV. 2947
19'-10

OE-2

15 JUNE 1982 12 _FV 4726N

,8 06 °

/ T oo

CUSP/CLEFT POLAR RAIN CPS DISOETE CUSP/CLEFT POLAR RAIN CPS DISg.,RETE

(a) (b)

Fig. 5. Convection and particle precipitat=oQ patterns for (a) orbits 2863 and 2947, and (b) orbits ]5_7
and 4726. ir the same format as Fig. 4.

Table 2. "l'rajec_o_ and potential distributions

Potential (kV)

Orbit M LT

1179 N 10.3-19.9

1537 N 08.3-19.0

2863 S 13.3 00.5

2947 N 00.9-11.5

4726 N 16.9_)4.5

OIM i (IIKL (_p m (I) a m _'_p

68.8 89 - 55 - 4

65.0 59 - 50 20 4

40.0 69 - 70 20 4 -

36.4 52 - 35 36 2 +

56.0 50 - 32 25 3 --
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trajectories it is useful to list points of similarity and

dissimilarity in their measurements :

I. Orbits No. 2863 and 2947, like orbit No. 1179

(Fig. 4) passed close to magnetic noon through a

region of negative potential characteristic of an

encounter with the afternoon convection cell only on

tile dayside. In tile case of orbit No. 2947 plasma

convection at MLAT >80 on the dayside was ahnost

purely sunward right up to the onset of cusp pre-

cipitation (BAstNSKA et aL. 1992).

2 LAPI detected cusp cleft electron precipitation

during both passes. Within most of this region, con-

vection had sunward and s_estward components. As

in orbit No. 1179, convection had an eastward com-

ponent near the low-latitude boundary of cusp/cleft

precipitation.

3. During orbit No. 2947 precipitating ions had an

inverted dispersion (BuRCH et al., 1979) with the

most energetic ions precipitating near the poleward

boundary of the cusp and less energetic ions at lower

latitudes. The precipitating ion flux during orbit No.

2863 was weak and had the energy-vs-laiitude dis-

persion characteristic of Bz < 0 IMF.

4. Poleward of the cusp precipitation, discrete ion

and electron structures were detected during orbit No.

2863 but not No. 2947.

5. The large-scale, dayside FAC systems near local

noon had morphologies similar to those of orbit No.

1179 (Fig. 3).

6. On the nightside, the convection and FAC pat-

terns were somewhat distorted during orbit No. 2947.

Within the auroral oval the BPL/CPS precipitation

and Region l/Region 2 FACs were typical of the

morning convection cell for orbits No. 2863 and 2947.

During orbit No. 1537. DE-2 crossed the noon mer-

idian at higher than cusp latitudes. In both the evening

and dayside portions of the pass, discrete electron-

precipitation structures _araddled the convection

reversal line. Within the dayside region of structured

precipitation, ions had soeral keV of energy where
convection was sunward and a few hundred eV where

it was antisunward. In this latter region particles had

characteristics of boundary plasma layer and plasma

mantle rather than LLBL precipitation (NEWELI+ et

al.. 1991a. b). The magnetic perturbations indicate the

presence of FACs out of the ionosphere in the region

of CPS and mantle precipitation and into the iono-

sphere in the region of BPL precipitation. Within the

polar cap there is a broad region of stagnant plasma.

Here MAYNARD et al. (1990) found an ionospheric-

density depletion which met their criteria for the exis-

tence of a small cell completely contained within the

polar cap.

DISCUSSION

In the previous section wc presented the results of

our analysis of five DE-2 orbits, fore of which were

used to illustrate the strongly distorted, BC con

vection ccll of ItEPPSER and MAYNARD (1987) Such

convection patterns occur during periods of Bz > O,

in the northern hemisphere when IMF Br > 0 and in

the southern hemisphere when IMF B r > 0. First we

compare the potential distributions of Figs 4 and 5

with that of HEPPNER and MAYNARD (1987) shown

in Fig 1 Wc then compare the magnitudes of the

measured, high-latitude potentials with previousl3

reportcd polar cap potential dependencies on the solar

wtnd/IMF conditions. Finally, wc combine the

plasma-drift and precipitating particle Ilux measure-

ments to suggest a phenomenological interpretation

of the high-latitude convecuon pattern with Bz > O.

a large By component and high solar wind speeds.

Figure I shows that the strongly distorted BC con-

vection pattern consists of two cells The afternoon

and morning cells are rotated having their mininlunl

and maximum potentials centered at 12 MLT, 82

MLAT and 05 MLT, 80 _' MLAT, respectively. Near

noon near the statistical location of the dayside cusp

(NEwELL and MEN_3, 1988) plasma flows nearly west-

ward with a small antisunward tilt. Poleward of the

cusp, plasma initially flows antisunward along the

dawn flank of the polar cap, then turns sunward into

the central polar cap. Afternoon cell stream lines then

twist toward the antisunward direction along the dusk

flank of the cap before entering the auroral oval and

return to the dayside. Positive potential stream lines

of the morning cell are similarly contorted. Eventually

they end up in the post-midnight portion of the aur-

oral oval and then return to the dayside.

Adopting the pattern-recognition spirit of HEPPNER

and MAYNARD (1987), and recognizing the dangers

of deriving a pattern from only five passes, we have

constructed a convection pattern that reproduces the

main features found in the individual DE-2 passes.

We anticipate that this interim pattern may be further

refined when results from the study of a broader data

set are incorporated. The synthesized convection pat-

tern shown in Fig. 6 consists of two large cells whose

centers are rotated away from the dawn-dusk merid-

ian. In this pattern, we placed the equatorward bound-

ary of the convection system at the statistical, equ-

atorward boundary of auroral electron precipitation

for Kp = 3 (HARm' et al., 1981). We interpret this

boundary as the ionospheric projection of the Alfvdn

shielding layer.

During DE-2 orbits No. 1179, 2863 and 2947 VEFI

detected contorted, equipotential structures at sub-
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Fig.6,DistortedBC convection/equipotentialpanetnrepre-
senting the Er and Vr data set obtained during the five

DE-2 orbits.

cusp latitudes on the dayside. Unlike the Helx, ner-

Maynard pattern shown in Fig. I, the distoruon is

confined to the afternoon cell. Within the cusp. con-

vection has both sunward and westward components.

Equipotential contours of the afternoon cell can be

divided into inner and outer regions. The innermost

stream lines or equipotentials are confined to a small

region in which LAPI detected cusp, polar rain

and structured precipitation poleward of the cusp.

Particles precipitating in these regions have soumes in

the magnetosheath. We assume that the magneuc field

lines associated with these particle fluxes were al_ays

open. Thus, the equipotentials of this inner re m_} re-

flect a circulation of magnetic flux within the nortlaern

lobe of the magnetotail and are referred to as a

lobe cell (REIn: and BURCH, 1985). Up to 25 kV of

the total polar cap potential was measured witlnn the

lobe cell. The remaining portion of the afterno,_ cell

was encountered in regions of cusp, polar ram and

auroral oval precipitation. Magnetic field lines -_tong

which such particle fluxes access the ionosphere, are

both open and closed. Plasma in the outer pore.on of
the afternoon cell flows antisunward across the ,-xylar

cap and returns to the dayside through the a,_oral

oval. The morning cell contains no lobe cell. _'_mg

made up of flow lines that pass through precip_:-,tion

regions associated with both open and close_ ,'ield

lines. Magnetic field lines in convection cells _itr.,,pen

and closed topologies circulate through the Itx_-s of

the magnetotail into the distant neutral sheet -here

they reconnect with field lines from the con_g_ate

BIJRK[ el _tl.

hcnaisphere. After reconncctlon, newly closed field
lines convect in tile earthward through the plasma

sheet and cquatorward ill the auroral ionosphere The

group of cquipotentials/strcamlines containing both

open and closed field lines arc called reconnection

cells by REIFF and Bunc)t (1985). Wc note in passing

that, with the exception of the subcusp distortions.

the reconncction portion of the afternoon ccll in Fi_

6 closely resembles thc weakly distorted BC pattcrn

shown in fig. 11 of HEPPNER and MAYNARD (1987).

It is widcly believed that during extended pcriods

of northward IMF, geomagnetic activity decrcases to

very low levels. Information containcd in Table 2
indicates that such was not tile case at the times of

our selected DE-2 orbits. The Kp index was bct_vcen

2 _- and 4, and the combined potentials sampled in

thc aftcrnoon (_o,,) and morning ((I)a ,_ ) cells ranged

between 57 and 90 kV. The DE-2 trajectories across

the inferred potential distributions of Figs 4 and 5

indicate that on any given pass, only a Fraction of the

total potential was sampled. Thus, the potentials listed

in Table 2 only represent lower bounds on the actual,

total cross-polar cap potentials.

Polar cap potential measurements from the OGO-

6 (HEPPNER, 1972) Atmosphere Explorer (REIFr et

al., 1981), S3-2 (DOYLE and BURKE, 1983) and $3-3

(WYGANT et al., 1983) satellites have been correlated

with geomagnetic indices and solar wind/IMF par-

ameters. Within the limits of small-sample statistics,

these studies produced similar results. When compar-

-ing $3-2 measurements of the polar cap potential with

hourly averaged solar wind/IMF parameters, DOYLE

and BURKE (1983) found that the highest overall

correlation coefficient came from the relationship :

(1)KL(kV) = 33.4+0.024 EK, (I)

where EKL is the electric field function in the solar

wind suggested by KAN and LEE (t979).

EKL = l/sw B r sinE(®/2) (2)

where B T = [Br,+Bz:] ''2 and O are the magnitudc

and polar angle of the IMF when projected onto thc

GSM Y-Z plane. In calculating Ek_ in equation (2)

the solar wind speed is in km/s and the IMF com-

ponents in nT. Table 2 lists tile values of O and the

statistically predicted values of(1)KL which arc betwccn

89 and 50 kV. In all but one case, orbit No. l 179. these

are less, by 13 27°, than the measured potentials

The greatest discrepancy between the measurcd

potential and the statistical-model predictions
occurred on orbit No. 1179 where the measurcd

potential is substantially smaller than the model prc-
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diction.Thisis probabha samplingartifact.To
increasethechancesof representing the full high-

latitude potential, the statistical models were derived
flom measurements taken by satellites in dawn-dusk

orbits. During orbit No. 11/9, I)E-2 moved along a

noon midnight trajectory where it only encountered

the afternoon cell. Presumably, the addition of poten-

tial from the morning cell at tile time of this orbit

would bring closer agreement with the statistical
models. In the other four cases the statistical relation-

ship in equation (I) also underestimated tile total

potentials contained in the aftmnoon and morning

cclls The potential distributions in ]:igs 4 and 5 indi-

cate that several tens ofkV of the polar cap potential

may be confined to small regions poleward of the

cusp on the dayside of the polar cap. Satellite passes

crossing tile polar cap along the dawn-dusk meridian

could miss a significant fraction of tile lobe cell con-

tribution to the total potential.

The convection/potential distribution in Fig. 6 sum-

marizing the DE-2 measurements resembles the quali-

tative pattern found in fig 7(f) of Rt-:n:F and BURCH

(1985). It contains an afternoon reconnection cell sur-

rounding a lobe cell that circulates with the same

clockwise sense of rotation. The morning cell rotates

counter-clockwise. However, their pattern was pre-

dicted for conditions with IMF/_r < 0 and Bz south-

ward, no1 northward. In the representation of REIFF

and BU_CH (1995) viscous-driven cells are embedded

in both the morning and afternoon cells. We noted

that in the early evening sector the structured electron

precipitation spanned the convection reversal region.

It is possible that the antisunward part of this pre-

cipitation originates in the LLBL, analogous to the

viscous cell of REtFF and Bue, CH (1985). It appears

that cells tied to LLBL processes do not contribute

significantly to the total high-latitude potential.

Measurements by SMIDD', e! al. (19g0) show that the

potential drop across the LLBL is typically < 10 kV.

The fact that a lobe cimulation cell is embedded

within the afternoon, negative potential cell, affects

our understanding of the magnetosphere's interaction

with the solar wind and a northward IMF. REIFF and

BoP,(:tt (1985) suggested thai during periods of large

I M F B r both open and closed field lines present them-

selves to the solar wind on the dayside magnetopausc.

The IM F merges with Ear, h-bound field lines of both

topologies. CROOK[.R {19,¢,Sl proposed that with IMF

B_ > Bz > 0, antiparallel merging is favored along

lines located poleward of the cusp. They extend

toward tile dusk side of the cusp in the northern

hemisphere and toward the dawn side of the cusp in

the southern hemisphere.

Data presented above are consistent with merging

21')

occurring in both hemispheres. In the northern hemi-

sphere the afternoon convection cell is driven by merg

ing along a line extending toward dusk. It includes

initially open field lines for the lobe cell and initially

closed field lines for the reconnection cell. The morn-

ing cell is driven by merging along a line extending

from a location poleward of the southern cusp toward

dawn. Although merging occurs on both initially open

and closed field lines, only initially closed lines of the

reconnection cell are observable at northern latitudes

Figure 7(g) of REnF and Bt,_P,CH (1985) suggests that

the converse may be true for southern hemisphere

convection, where a distorted DE pattern (Ih_PeNI!R

and MAYNARD, 1987) should appear

Our interpretation dilfers from the model in fig.

6 of CROOKER (t988) which, for IMF B_ > Bz > 0

conditions, shows the ionospheric mapping of the

merging line as a single V-shaped line on the afternoon

side of the cusp. The model requires that both con-

vection cells be driven from this merging line As

a consequence the morning cell wraps around the

afternoon cell across local noon in such a way that a

satellite passing close to the noon- midnight meridian

must sample both convection cells, in the three cases

where DE-2 passed through the cusp only the after-

noon cell was sampled near noon. The model sug-

gested by our measurements is merging driven for

both cells and includes magnetic tension effects from

IMF Br- It requires two merging lines in the iono-

sphere separated by a gap through which newly

merged flux transports into the polar cap. In the

northern hemisphere the merging line for the after-

noon cell includes initially open and closed field lines.

The morning cell in the northern ionosphere derives

from the combined effects of viscosity as well as mer-

ging-driven, magnetic draping and tension processes

in the southern hemisphere.

One intriguing aspect of our electric field data is the

persistence of a latitudinally narrow strip of eastward

convection near the equatorward boundary of

cusp/cleft precipitation. Figure 2 shows that the east-

ward convection is located poleward of the onset of

the electric field turbulence that marks the satellite

entry into the cusp boundary (M,',YN^RD el a/., 1991).

Here we develop _o possible explanations consistent

with the model described above. In both. initially

closed field lines merge with thc IMF at high latitudcs

on the dusk side of the cusp's magnetopause location.

They differ only in the time scales required for mag-

netic tension to o_ercome stresses generated by local

magnetosheath plasma flow (CowLEY et al., 1993).

In the first hypothesis the magnetosheath-like par-

ticles originate on LLBL field lines whose equatorial

footprints convect anlisunward near the dusk mag-
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netopause, At some point thc near-cusp part of tile

field line merges and magnetic tension quickly causes

the consequent westward motion. At latitudes of the

eastward convection the soft particles p+opagate

along the closed field lines of the LLBL; in places

of westward convection they come directly from the

magnetosheath on newly opened flux.

In the second explanation the soft particles come

directly from the magnetosheath along open field lines

in regions of both eastward and westward convection.

This motion directly reflects the dynamics of da',side

merging processes at locations away from the noon

meridian. In the antiparallel merging scenario, this

reflects merging with initially closed field lines some-

where poleward and to the afternoon of the cusp's

location at the magnetopause. At merging sites

located on the afternoon side of the cusp mag-

netosheath plasma flow has comportents that are anti-

sunward and toward the dusk meridian. MAYN',gD et

al. (1991) have shown in a southward IMF Bz case

that the local plasma flow drags newly merged fieM

lines in a direction opposite to that of magnetic

tension. The magnetic stresses eventtLally win out In

the present cases with northward B,_, the Br related

magnetic stresses pull the field line toward the dawn

meridian. However, because rite [MF has a finite B_

and the draping topology is difl-erent front that for

southward Bz case, it takes longer [or magneuc

stresses to achieve dotuinance over the local, dusk-

ward magnetosheath flow, and cause field lines to

eventually move in the westward direcuon (CowLI:.Y

et al., 1983).
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